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Abstract 
This paper reports a 2D magnetic micro force sensor. The design consists of an array of SU-8 cantilevers incorporating 
electroplated ferromagnetic material and a Hall sensor array. The passive moving parts with magnetic readout enable robust and 
sensitive operation. The presented device has a detection limit of 30 μN and a range up to 1 mN. A not well-known material in 
MEMS community polyurethane was used as a protection layer encapsulating the whole device while interfering minimally with 
the operation. Cantilevers were characterized for their dynamic response by a laser Doppler vibrometer and 2D force calibration 
is performed using commercial force sensors. The presented sensor array can be used in life science applications and MEMS 
testing enabling parallel measurements in 2-D. 
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1. Introduction 
Force sensors are of vital importance for the state-of-the-art microrobotic systems and biomedical devices. They 
are used widely in MEMS testing, mechano-biology, and micro material science [1], [2], [3]. Mostly 1D force 
sensors are utilized due to difficulties in implementation of 2D force sensors. There is need for new, high-sensitivity, 
robust, versatile sensors in many applications of life sciences. Different types of force sensors have been realized. 
Piezoresistive sensors have a good sensitivity and low noise but they exhibit a non-linear response and hysteresis. 
Their implementation into multi axis is difficult. Capacitive sensors are the most common MEMS force sensors. 
Their resolution is high at a very low cost but they have a limited range and they tend to brake if overloaded. 
Magnetic sensors have been widely utilized in larger scales, however they have not been utilized in microsensors 
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mainly because of difficulties in fabrication of magnetic materials and their integration into microsystems. A 
magnetic micro force sensor, which is capable of measuring forces in 2D is presented in this work. A sensitive and 
robust sensor with a high dynamic range is realized. Magnetic devices with hard and soft magnetic materials are 
fabricated. The magnetic field induced by the magnetic material is measured by a Hall sensor array, which allows 
outputting the deflections of the cantilevers carrying the magnetic material in 2D. By this way forces in vertical and 
horizontal axes can be measured separately for each cantilever. A not well-known material in MEMS community, 
polyurethane was used as a protection layer encapsulating the whole device while interfering minimally with the 
operation. Use of polyurethane was first reported by Masato Suzuki [4]. SU-8 with embedded magnets provides the 
sensitivity, high resolution, and flexibility, whereas, polyurethane provides the robustness. Since polyurethane’s 
Young’s modulus is estimated to be around 20 kPa, it has a significantly smaller mechanical effect on cantilevers 
than other soft polymers such as PDMS. In Fig. 1 the illustration of the sensor and SEM image of a single SU-8 
cantilever are shown. The presented sensor can be utilized in cell monitoring or sensing muscle elongation forces. 
 
Fig. 1. (a) 3D model of the SU-8 cantilevers with electroplated magnets. The Hall sensor array is aligned with respect to the cantilevers. (b) SEM 
image of a microfabricated SU-8 cantilever with electroplated magnet (CoNi). 
2. Physical background 
The system works based on displacement (Fig. 2) of electroplated magnets organized in an array. The cantilever 
array is aligned with the Hall sensor array (MIS53 from RLS d.o.o.). When a force is applied on a cantilever, it 
deflects and magnetic field read by Hall sensors changes (Fig. 2). To maximize the deflection while maintaining a 
compact device, a zic-zac design for the cantilevers is chosen. Magnetic field of one magnet is read by 8 Hall 
sensors. The gap between magnets and hall sensors is 50 μm. This distance is critical to obtain a strong signal. If the 
magnets are too far away, the signal is not strong enough for processing. Through an algorithm, vertical and 
horizontal forces are calculated. Vertical force is calculated by the Hall sensors under the reference maximum, 
whereas the horizontal force is calculated with Hall sensors at the sides of the magnetic field bell as shown in Fig. 2 
which are minimally affected by the vertical movement of the magnet.  
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Fig. 2. (a) Working principle of the 2D magnetic force sensor. (b) Magnetic field (10 um of hard magnet, Ø300 μm above 8 hall sensors) 
reference in blue and green 10 μm of displacement in vertical and horizontal direction. 
3. Fabrication 
Fabrication steps of the magnetic sensor is shown on Fig. 3. The fabrication consists of 3 photolithography steps 
and an electroplating step. Final device release is achieved by etching a sacrificial copper layer. The SU-8 3025 
layers were fabricated to be 50 μm thick. Electroplated hard magnetic material was Cobalt Platinum (refer to [5]) 
plated on 1 μm of CoNi due to better electroplating properties of CoPt on CoNi than on Cu (Ti (20 nm) / Cu (200 
nm) / CoNi (1 μm) / CoPt (10 μm) / CoNi (1 μm)). SU-8 fabrication steps were optimized so the adhesion between 
SU-8 and e-beam evaporated metal layers was as strong as possible (refer to [6] and [7]). To improve the adhesion 
SurPass from Microchem was applied. The maximum thickness of the CoPt layer is defined by the endurance of the 
SU-8 inside the plating electrolyte (long plating times caused peeling of the SU-8 layer). Prior to releasing the 
device, magnets were magnetized at 2.2 Tesla, which lead to a magnetic remenance of 170 mT and a coercivity of 
~1800 Oe.  
Fig. 3. (a) Fabrication steps: 1) Evaporate Ti/Cu/Ti on glass wafer. 2,3,4) Lithography of photoresist AZ 4562, etching Ti and Cu through AZ 
patterns and stripping. 5,6) Photolithography of 1st and 2nd SU-8 layer. 7) Electroplating ferromagnetic material. 8, 9) Etching Cu sacrificial 
layer and bonding to Hall sensor array. (b) SEM image of array of SU-8 cantilevers with electroplated hard magnetic material. 
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Release step was done by etching Cu sacrificial layer with 1M of Thiourea at pH 1 (based on [8]) without attacking 
the ferromagnetic material. Experiments with different etchants have been tested (according to [9]). On Fig. 3 (b) 
final fabricated array of SU-8 cantilevers with electroplated CoPt can be seen. To bond the microfabricated device to 
the Hall sensor array a 5 μm double-sided adhesive tape was used provided by Nitto Denko Corporation. 
4. Results and discussion 
Using a laser Doppler vibrometer (Polytek MSA-500) frequency response of the cantilevers was obtained. 
Operating at the resonance would create undesired vibrations on the cantilevers. Figure 4 shows the frequency 
response of a cantilever encapsulated with polyurethane. First Eigen frequency of zic zac cantilever without 
polyurethane encapsulation is at ~2500 Hz. Polyurethane shifts the 1st resonance to ~1.5 kHz.  
 
Fig. 4. Comparison of the experimental and simulation results obtained from the laser Doppler vibrometer from a sample encapsulated with 
polyurethane. 
 
The micro force sensor was calibrated with a micromanipulator by applying 5 μm displacement steps in vertical / 
horizontal axis. In Fig. 5 (a) vertical and horizontal forces are plotted as a function of the displacement. Top 2 
graphs from Fig. 5 (a) represent magnetic field from 3 magnets embedded in cantilevers.  
 
 
Fig. 5. (a) The top plots show the magnetic field values read by the Hall sensor array. Left set of graphs presents moving cantilever with the steps 
of 5 μm (displacements of 0, 5, 0, 10, 0, 15, 0, 20, .), at 45° angle with respect to vertical axis. This results in ½ of the force translated to vertical 
and ½ to horizontal force. Right set of graphs presents displacements in vertical and horizontal directions, respectively. (b) Moving cantilever 
with continuous increments of 5 um in vertical axis saturates the sensor at 1 mN. Bottom graph is comparing experimental data to simulations. 
45° 
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One of them was pushed at 45° with respect to the vertical axis (displacement of 0, 5, 0, 10, 0, 15,… μm), which 
resulted in ½ of the force translated to vertical and ½ to horizontal force (left plots of Fig. 5 (a)). Furthermore, 
results obtained by moving only vertical / horizontal are presented in Fig. 5 (a) (right plots). Green Arrow and green 
graph in Fig. 5 (a) represent displacements of 0, 5, 0, 10, 0, 15,… μm steps in vertical axis, whereas pink ones 
represent displacements in horizontal direction. The magnetic field of three magnets incorporated in cantilevers is 
shown in Fig. 5 (b) top. To find the saturation point of the sensor continuous 5 μm steps were applied to a cantilever. 
Sensor saturates when cantilever touches the Hall sensor array, which happens at 1 mN or 65 μm of displacement. 
Fig. 5 (b) middle shows the saturation of the sensor as the displacement and force is increased. Figure 5 (b) bottom 
shows the force to displacement plot of a cantilever in vertical direction obtained by the experiments and 
simulations. Once cantilevers are encapsulated with polyurethane 10 times more force is needed to obtain the same 
displacement. The stiffness of the sensor is increased but great durability is achieved. 
5. Conclusion 
A 2D magnetic force sensor has been designed, implemented, and demonstrated. Fabrication process combined 
new materials for MEMS, such as polyurethane, and electroplated CoPt. These materials have been fabricated 
compatible with standard microfabrication techniques. The design can be adapted to achieve any desired range and 
resolution. Currently the presented device has a detection limit of 30 μN and a range up to 1 mN. The high dynamic 
response of the cantilevers was characterized by a laser Doppler vibrometer and the sensors were calibrated using a 
commercially available force sensor. The presented device will pave the way for a new set of permanent magnetic 
microsystems. This paper presents for the first time the utilization of a Hall sensor array in a microsystem and the 
usage of polyurethane in MEMS for increasing the robustness of microdevices. 
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